Objective: Cardiac repolarization is prolonged and repolarization reserve (RR) is diminished in female rabbits and humans, compared to males. Reduced RR is evidenced by the relatively greater increase in ventricular action potential duration (APD) in myocytes from 1 females in response to drugs that block repolarizing K currents. Mice are an increasingly important experimental model animal for cardiovascular research, but gender-dependent differences have not been reported for repolarization in murine ventricular myocytes. from females compared to males. Voltage clamp measurement of I and I revealed that males had a relatively more prominent I while to sus to females exhibited a more prominent I . Conclusions: Ventricular action potential repolarization is prolonged in myocytes from female sus compared to male mice. Female mice have reduced RR that is unmasked by FK506. These findings suggest that gender is an important variable for cardiovascular studies using mice.
Introduction
be of great importance for understanding the results of electrophysiologic experiments, and would necessarily Mice have become an increasingly important model for prompt further investigations to determine the scope and the study of cardiovascular diseases, in large part because mechanism of gender influence on murine cardiac physiof the development of technologies allowing for manipulaology. Although the specific ion channels underlying tion of the murine genome [1, 2] . Despite the proliferation cardiac membrane potential repolarization vary between 1 of reports using wild type and genetically modified mice species, K currents (I ) are fundamental determinants of K for cardiovascular research, little attention has been focardiac repolarization in all species. Baseline action pocused on potential gender-linked differences in murine tential duration (APD) is prolonged in women [3, 4] and in cardiac electrophysiology. Such differences, if found, may female rabbits [5] , but it is not known if a similar genderdetermined difference is present in mice. Small increases in baseline QT interval or APD in agents due to reduced repolarization reserve (RR) [6, 7] revised 1996). Na and Ca were omitted from the voltage clamp bath * P,0.05, ** P,0.01,*** P,0.001 compared to ADP in the absence of FK506; P,0.05 compared to males in the absence of FK506; P,0.05, † † P,0.01 compared to males in the presence of FK506. n5number of ventricular myocytes studied (experimental observations). RP, cell membrane resting potential; APD , action potential duration at 50% repolarization to baseline; APD , action potential duration at 90% repolarization to baseline. females than males. The increases in APD following FK506 were significant for APD and APD for both males and females at 0.3 Hz and 1.0 Hz (Table   50  90 1), but the increases in APD following FK506 were significantly greater (P,0.05) in females than in males (indicated by the asterisks). Data in panels C-F are the same as in Table 1. concentration of DMSO was 0.001 vol% and was found to females compared to males at 0.3 and 1.0 Hz (Table 1 and 1 have no effect on K currents in previous control experi- Fig. 1C-D female compared to male mice (Table 1A) during stimuladepolarizing pulse ( Fig. 3C , P,0.001), were also sigtion at 0.3 Hz, under control conditions. Stimulation at 1.0 nificantly greater in female mice than in male mice. For Hz resulted in significant prolongation of both APD and 1300-ms depolarizing steps, the effect of gender was 50 APD in female compared to male mice (Table 1B) . increased by more positive cell membrane potentials.
1
These gender-determined differences in repolarizing curThese findings showed that repolarizing K currents were rents in mice (Table 1) are comparable, on a percentagenot consistently diminished in female mice, but instead wise basis, with gender differences reported in human QT followed a more complex pattern where I and I to sus interval measurement studies [3] . amplitudes were reciprocally related according to gender.
FK506 disproportionately prolongs the APD in 3.4. FK506 selectively inhibits I sus female mice
Excessive QT interval prolongation in women is most Both APD and APD were significantly increased by often evident in response to I antagonist drugs [19] , but 50 90 Kr FK506 in males and females at 0.3 and 1.0 Hz (Table 1 I is unlikely to significantly contribute to cardiac repoKr and Fig. 1) . However, the increases in APD and APD larization in mice [9] . Our measurements of I components 50 90 K in response to FK506 were both significantly greater in indicated that female mice might be relatively more I under these conditions (Fig. 4C and D) , consistent with to a previous report [10] . The finding that FK506 antagonist actions are specific for I over I (Fig. 4) suggests that sus to the relative increase in I in female mice ( Fig. 3) is sus important for reduced RR seen in female mice with FK506 (Table 1 and Fig. 1 ).
Discussion

Gender influence on ventricular action potential repolarization
Female gender is a recognized determinant of cardiac arrhythmias related to prolongation of cardiac repolarization in humans [3] [4] [5] 19] . The increased tendency of cardiac myocytes from female rabbits to have longer APDs than male counterparts is likely related, in part, to a reduction in the amplitude of the rapid component of the 1 delayed rectifier K current (I ) [20, 21] . In contrast to Table   1  21 1A). While many ionic currents (including the Na / Ca exchanger that was not measured during the voltage clamp experiments) are important for action potential repolarization, the differences in I and I between males and to sus females suggests that reciprocal, gender-associated differences in these currents may be compensatory for determining APD at low stimulation rates.
Reduced repolarization reserve in female murine ventricular myocytes
Baseline APD were prolonged and RR [17] was markedly less in females than in males in response to FK506 (Table 1 ; Fig. 1 ). FK506 specifically and equally inhibited I in males and females under our experimental consus ditions (Fig. 4) , but FK506 increased APD significantly RR in female mice.
dependent on I for action potential repolarization (Fig.  4.3 . The mechanism of FK506 action on I sus sus 3) , and that this increased dependence on I is important sus for the reduction in RR in female mice ( Fig. 1) . We Recent studies have suggested that FK506 modulates I K measured I and I in response to FK506 to verify the through a novel signaling pathway in cardiac ventricular to sus specificity of FK506 antagonist action on I over I at a myocytes [10, 16] . While the mechanism of FK506 actions sus to slow stimulation frequency. FK506 significantly and selecon I are not fully understood, they are independent of K tively inhibited I (Fig. 4E and F) , but had no effect on calcineurin activity [10, 16] . One possibility is that FK506 sus excessive APD are also present in mice [24, 25] . Thus, it CaM kinase augments cardiac L-type Ca current: a cellular
